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EstimatingtheYield Advantageof High-Yielding
WheatandMaize:TheUseof Pakistani
On-FarmYield ConstraintsData
JOSEPH G. NAGY*
This paperbriefly reviewsthe index numberapproachto estimatingthe
contributionmadeby crop developmentresearchand then discussesthe useof
on-farmyield constraintdatato measuretherightwardshift in thesupplycurve.
Yield constraintdataonwheatandmaizefromPakistanareusedasanillustration.
I. INTRODUCTION
Theaccuratemeasurementof theyieldadvantageof newcropvarietiesover
old cropvarietiesis importantin assessingthecontributionmadeby cropdevelop-
mentresearch.Unbiasedestimatesof theyieldadvantageof improvedcropsare
difficultto obtainin particularfor thehigh-yieldingvarieties(HYVs) in theless
developedCountries(LDCs).Thisin turnhasledtothequestioningof robustrateof
returnstocropdevelopmentresearchfromusingtheIndexnumberapproach[8,I0].1
Thispaperbrieflyreviewstheindexnumberapproachto estimatingthecon-
tributionmadeby cropdevelopmentresearchandthendiscussestheproblemsof
obtainingaccurateyield-advantagefiguresandtheproblemsof estimatingthesupply
shifterusedin theindexnumberapproach.Thepaperthendiscussestheuseof
on-farmyieldconstraintdataasasourceof datafor estimatingtheyieldadvantage.
YieldconstraintdatafromPakistanareusedasanillustration.
II. OVERVIEWOF THEINDEX NUMBERAPPROACH
Theindexnumberapproach(consumer-producersurplusapproach)estimates
thebenefitsto agriculturalresearchby measuringthechangein consumersurplus
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(CS)andproducersurplus(PS)fromarightwardshiftin thesupplycurvethathas
beenbroughtaboutbytechnologicalchange.
Thechangein CSin Figure1 isshownbyareasA +Bandisapositivechange,
givenasupplyshiftfromQs to Qsandademandcurvethatisnotperfectlyelastic.
ThegainoccursbecauseconsumerspaythelowerpricePObroughtaboutby the
technologicalchange.Thechangein producers'welfare(PS)is AreaC minusArea
A. Thechangein PS isthedifferencebetweenwhatisgainedbecauseof lowercosts
perunitofoutput(AreaC)andtheincreasedquantitymarketedQl toQominusthe
lossincurredfromthedropin pricefromPI to Po(AreaA). PSmaybepositiveor
negativedependingon theelasticitiesof supplyanddemand.Thegrossannual
researchbenefit(GARB)isthenAreaB+AreaC.
Annualbenefitsmaybecalculatedoncethefollowingdataandinformationare
madeavailable:(1) supplyanddemandelasticities,(2) yearlypriceandquantity
data,and(3) theannualeftwardshiftin theactualsupplycurveQ in orderto, s
establishthepre-innovationsupplycurveQ (usuallycalledthesupplyshifterK).2s
An internalrateof returnmaythenbecalculatedfromtheannualstreamofbenefits
derivedfromtheindexnumberapproachandtheassociatedannualstreamof re-
searchcostsof thenewtechnology.
Theindexnumberapproachasgonethroughanevolutionsincethehybrid-
cornstudyby Griliches[5] in 1958.This"firstgeneration"modelIlsedaunitary
elasticdemandcurveandestimatedreturnsforbothaperfectlyelasticandaninelas-
tic supplycurvewitha crude'guesstimate'of thesupplyshifterK. Althoughthe
modelwascrude,Griliches[5], alongwiththepioneeringworkby Schultz[14],
startedpeoplethinkingaboutthereturnstoresearchandledto"secondgeneration"
modelsthatgavemoreattentionto elasticitiesof supplyanddemand,estimationof
expenditures,theshiftfactorK andthechangein thedistributionof incomefrom
technologicalchange.Amongtheearlysecond-generationmodelswerePeterson's
poultrystudy [11], Ayer and Schuh'sBraziliancottonstudy[2], Akino and
Hayami'studyon ricein Japan[1] andSchmitzandSeckler'stomato-harvester
study[13].
III. ESTIMATIONOF THESHIFTPARAMETER,K
Theindexnumberapproachusingthehorizontalsupplyshiftmethodrequires
knowledgeof whattheproductionof acertaincommoditywouldhavebeen,given
thatproducersdidnothaveaccesstotheinnovationunderstudy.Themostpopular
2K is traditionallyknownasthesupplyshifterasin thearticlesby Griliches,Petersonand
Ayer andSchuh.However,Akino andHayamiinterpretK asaproductionfunctionshifter.See
theappendicesto HayamiandAkino, page52.
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CORRECTION
On p. 181of our Autumn1983issue,lettersBand C in Figure1of
JosephG. Nagy'sarticlewere,in theprocessof cartographicreproduction,
wronglyplaced.TheFigureshouldhaveappearedasit appearsbelow.The
errorissincerelyregretted.- Editor
PI
Q' Pre-innovations
supplycurve
Qs Post-innovation
supply curve
Price
Po
Demand
0 QI Qo Quantity
Figure1. Modelof ReturnsfromCrop
VarietalImprovement
182 JosephG. Nagy EstimatingYieldAdvantage 183
way in specifyingthe shift from Q to Q' in Figure1followsthatof theAyer-Schuhs s
andAkino-Hayamimodelsasindicatedbelow:
KT =~l [(1 - YIY) . LiT] X 100 (1)
previousarguments.However,in thecaseofsomecropsindevelopedcountries(DCs)
experimentalstationyieldtrialdatadoofferagoodestimateof theyieldadvantage
andshiftparameterK. Take,for example,thecaseof rapeseedbreedinginCanada
[9]. Rapeseedisa specializedcropgrownby above-averagefarmerswhoingeneral
applyoptimalamountsof fertilizersandotherinputs.Furthermore,theoldbase
yieldvarietiesaresimilarin responsetoinputslikefertilizer.
Therapeseedexperimentalyielddatagiveacloseestimateofachangeinyield
solelyduetovarietalimprovementbecausetheexperimentalyielddataforeachnew
varietyareaveragedoverseveralrepetitionsat manygeographicallocationswithin
thecrop-growingareaandoverseveralyearsunderprofit-maximizinginputuse(not
output-maximizing)andmanagement.Thebaseyieldvarietieswereincludedin the
yearlyexperiments,thustheyieldof thebasevarietiesYare comparedwiththe
yieldsof newvarietiesYi undermodernculturalpractices.Also,duetothemethod
of calculatingK, the experimentalyieldvarietaldifferenceis transmittedas a
percentageandnot in absoluteterms.For example,if experimentalstationyield
trialdataindicatethatanewvarietyexhibitsafour-bushelperacreincreaseoverthe
baseyieldY of 40bushelsperacre,thenK = 9.09%.If theon-farmyieldwas35
bushelsperacre,thenthepre-innovationyieldwouldbe(35- (.0909X 35))=31.82
bushelsperacreandnot(35-4)=31if theabsolutevaluewereused.It isalsothe
opinionof therapeseedbreedersthattherelativeyieldincreasesfromexperimental
trialscan be expectedto be transmittedto on.farmyieldsunderaveragefarm
conditionsandwherefarmmanagementabilityandpracticesareofgoodstandards.
Thusfor cropsgrownin Dessuchasrapeseed,experimental-stationyieldtrialdata
maygivegoodestimatesof theyieldadvantageofnewvarieties.
where
KT = the percentagedecreasein productionthat would haveresultedif
producersusedtheold unimprovedvarieties;
=theaverageyieldof theunimprovedvarietiesthatwouldbegrownin
theabsenceof newimprovedvarieties(thebaseyield);
Yi =theyieldof animprovedvarietyi thatis sownin yeart;
LiT =theproportionof totallandsownthatissowntovarietyi inyeart;
n =thenumberof improvedvarietiessowninyeart;and
YIYi = the inverseof the yield advantageof improved variety i.
A problemarisesinobtaininganaccuratemeasureof theyieldadvantageY'/Y.I
In somestudies,Yi andYarearrivedatthroughtheuseof experimentalstationyield
trialdatasincetheyarea readilyavailableandmostoftentheonlyreliablesource.
Theyarealsotheonlysourceof datathatcanshowtherelativeyieldsbyvarietypver
thehistoryof thecropdevelopmentresearch.
Oneof theargumentsagainstusingexperimentalstationyieldtrialdataisthat
superiormanagementpracticesandtechniquesareusedandthereforetheresultsmay
not reflecttheon-farmsituation.Anotherargumentis summedup by Hertford,
Ardila,RochaandTrujillo[7,p.87].
" . .. estimatesbasedonlyoncomparisonsofyieldsobtainedonplotsseeded
to newvarietiesandothersseededto unimprovedvarietieswouldbebiased
upwardbecauseof thestrong,positiveinteractionsof thenewvarietieswith
suchinputsasfertilizersandwater."
Theargumentby Hertfordetal. is thattheyieldadvantageestimatewouldbe
biasedupwardbecausetheestimatemayalsoincludethecontributionmadeby
inputssuchasfertilizersandwater.Toaccountforthisproblem,theyestimatedthe
yieldadvantagesof newvarietiesin Colombiabyestimatingproductionfunctionsof
yieldasa functionof newvarietiesandotherinputs.Forexample,usingdatafrom
commercialricetrialplots,theyestimatedyieldasa functionof 20variableswhich.
includedsizeof plot,seedingrate,sevenseed-varietyvariables,twotimevariables
andfourvariablestodifferentiatelocations.In comparingK obtainedfromequation
(1) andtheK obtainedfromtheregressionresultsfor rice,theformerwasonan
averagetwicethatof thelatter.3
Theuseof experimentalstationyieldtrialdatadoesnotprovideagoodesti-
mateof theshiftparameterK in lessdevelopedcountries(LDCs)becauseof the
Y
N. THE USEOF ON-FARMYIELD CONSTRAINTSDATA
3For analternateprocedurefor estimatingK, seeK. M. ScobieandRafaelPosadaT. [15J.
Theestimationof theyieldadvantageusingthemethodofHertfordetal.does
requiresubstantialdatawhicharenot readilyavailablein mostLDC countries.A
newsource9fdatamayexistfortheestimationof theyieldadvantageduetovarietal.
yield-increasingresearch.Thesourceof datais the"On-FarmYield Constraints
Studies"thatarenowbeingconductedinseveralLDCs.
Themainfocusof theOn-FarmYieldConstraintstudiesis onmeasuringthe
on-farmyieldgapbetweenexistingrecommendedpracticesandexistingfarmprac-
tices.Theanalysishowsthecontributionto outputof individualtestfactorsthat
makeup the gapbetweenexistingfarmpracticesandrecommendedpractices.
Factorsuchasthelevelof fertilizeruse,weeding,plantingtimeperiodandplanting
depthhavebeenanalyzed[4].
Severalon-farmyieldconstrainttrialshavealsoincludedvarietyasoneof the
testfactors.Furthermore,someof thetrialshaveusedpre-HYVsvs.post-HYVsas
thetestfactors.Theinformationgainedfromsuchtrialscanbeusedindetermining
theyieldadvantageof HYVs. TableI andTable2 showtheresultsof wheatyield
constraintrialsin Pakistanon barani(rainfed)andirrigatedlandsrespectively.
Threetestfactorsareinvolvedin thetrials:(1) Farmers'variety(tallvariety)vs.
recommendedHYV variety;(2) Farmerfertilizerapplicationratevs.recommended
rates:and (3) Farmers'weedingpracticevs.recommendedweedingpractice.All
otherinputsareheldconstantata levelof goodfarmpracticesandinputuse.The
trialswereconductedonfarmerfields.
Theinformationcontainedin TablesI and2 canbeusedin calculatingthe
wheat-yieldadvantageof HYVs in Pakistan.4By rearrangingthetreatmentsasis
doneinTable3,thecontributiontoyieldfromtheuseofHYVsunderfourdifferent
inputlevelscanbeestablished.Forexample,CategoryI in Table3 holdsconstant
thetwotestfactorsof fertilizerandweedingatthefarmers'inputlevelsof FI and
WI whileallowingthevarietytestfactorto changefromthefarmers'varietyVI to
the recommendedHYV V5. Theyieldadvantageof usingtheHYV holdingthe
othertestfactorsat FIWI canthenbecalculatedandis 16.1percentor 1.161and
55.3percentor 1.553forunirrigatedandirrigatedlandrespectively.
184 JosephG. Nagy Estil11iltingYield Advantage 185
Table 2
WheatYieldConstraintTrialDataon IrrigatedLand,Pakistan
Treatments YieldIndex
1.
2.
3.
4.
5.
6.
7.
8.
VIFIWI
VIF5WI
VIFIW5
VIF5W5
V5FIWI
V5F5WI
V5FIW5
V5F5W5
100.0
108.9
110.7
101.8
155.3
164.3
150.0
167.8
Fourreplications(Sindlocations).
WheatYieldConstraintTrialDataon RainfedLand,Pakistan
TableI
VI =
FI =
WI =
V5 =
F5 =
W5 =
FarmersVariety(mainlyC-591andothertallvarieties)
FarmersFertilizer(50Nand20PIbs/acre)
FarmersWeeding(no practice)
RecommendedVariety(ZA-77)
RecommendedFertilizer(120Nand60PIbs/acre)
RecommendedWeedingPractice(onehandweeding)
Treatments YieldIndex
1.
2.
3.
4.
5.
6.
7.
8.
VIFIWI
VIF5WI
VIFIW5
VI F5W5
V5FI WI
V5F5WI
V5FIW5
V5F5W5
Source: Natali,A. H.,AnnualProgressReport,1980-81,WheatSection,AgriculturalResearch
Institute,Tandojam;Pakistan.
To estimatetheshiftparameterK usingtheinformationfromTable3,equa-
tion (1) will haveto berespecified.First,informtionof theyieldadvantageby
varietyis notavailableandthereforetheoldtallvariety,C-591,and,thetwoHYVs,
LYP-73andZA-77will becometheproxiesfor thebaseyield(Y) andall HYVs
(Y/) respectively.TheC-591varietywasoneof themostpopularpre-semi-dwarf
varietiesgrownin Pakistananditsaverageyieldandcharacteristicsareverysimilar
to thoseof othertallvarieties.Theaverageyieldandcharacteristicsof LYP-73and
ZA-77onaveragearealsoverysimilarto othersemi-dwarfvarietiesgrowninPakis-
tan. Secondly,insteadof weightingeachvariety'syieldadvantagebytheproportion
of landit wassownto in yeart,anoverallyieldadvantagefigurewouldbeobtained
byweightingtheyieldadvantageof eachof thefourinputcategoriesin Table3 by
theproportionof landsownto HYVs in eachcategory.However,in thecaseof
Pakistan,accuratefiguresof thelandsowntoeachinputcategoryof Table3arenot
. . I . available.Whenequallyweighted,theyieldadvantagewouldbe1.164and1.517for
PakistanAgrlcU- I . . . . . "
I
umrngatedandirrIgatedlandrespectively.However,In Pakistan,mostof thetotal
productionfromtheareasownto the HYVs of wheatwouldcomefrominput
4Unfortunately,thewheatyieldconstraintdatapresentedi~TablesI and2,?onotcover 1movelocations.For illustrativepurposes,thedataareusedasproxiesfor overallPakistandata. .
100.0
128.2
107.1
136.5
116.1
148.0
128.3
155.7
Six locations,threereplications(PunjabandNWFP locations).
VI = FarmersVariety(C-591)
FI =FarmersFertilizer(50Nand26PIbs/acre)
WI = FarmersWeeding(no practice)
V5 = RecommendedVariety(Lyallpur-73)
F5 = RecommendedFertilizer(lOIN and75PIbs/acre)
W5 = RecommendedWeedingPractice(twoweedings)
Source: M. ManzoorAli, On-FarmYieldConstraintsResearchin Pakistan:
turalResearchCouncil,Islamabad.
categoriesI andIII. Equalweightingof categoriesI andIII wouldgivea yield
advantageestimateof 1.180and1.455forunirrigatedandirrigatedlandrespectively.
Theyieldadvantagefor irrigatedandunirrigatedlandcanthenbeweightedby
theareaof unirrigatedlandsowntotheHYVsandtheareaof irrigatedlandsownto
HYVs to producetheoverallyieldadvantagedueto thevarietalimprovementof
wheat.About10percentof all theHYVs sowninPakistanaresownonunirrigated
land.Thus,theoverallyieldadvantageis 1.43.
Theshifterk wouldthenbyfoundyearlyusingthefollowingformula.5
k, = I -~(1 - 1.4~)XLHYV,)+1j
= The percentagedecreasein productionthatwouldhaveresultedif
producersusedtheoldtallwheatvarieties;and
LHYVr =TheproportionoflandsowntoHYVsinyearr
Table3
]86 JosephG.Nagy
where
kr
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In comparisontothe1.43wheatyieldadvantagefigurederivedfromyieldcon-
straintsdata,Sidhu'sproductionfunctionanalysisindicatesyieldadvantagefigures
rangingfrom1.23to 1.45forwheatintheIndianPunjabin 1967-68andColombian
researchanalysisin 1971suggesteda 1.46figurefor semi-dwarfwheatvarieties
[3].
. . (2)
A comparisonof thewheatyieldadvantageusingtheon-farmyieldconstraints
datacanbemadewiththeyieldadvantagecalculatedfromexperimentalstationyield
trialdatafromPakistan.Theaveragexperimentalresearchstationyieldinkg/acre
of thedominantpre-HYVwheatvarietiesof C228,C217,C591,C518,C271and
C273is 890.6. Theaveragexperimentalresearchstationyieldin kg/acreof the
dominantHYVs of Mexi-PakCh-70.BlueSilver,SA-42,Y-ecoraandPari-73is
1697.5.6Thesimplecalculationof theyieldadvantageusingexperimentalresearch
stationdatais 1.91whichismorethantwicetheyieldadvantageof the1.43calculat-
edusingon-farmyieldconstraintsdata.
Table4
WheatYieldAdvantagesfrom VarietalImprovementResearch MaizeYieldAdvantagesfromVarietalImprovement
Unirrigated Irrigated
Input
Category
Input
Category
II
III
IV
Yield
Advantage
Yield
Index
Yield
Advantage
1.161
100.0
155.3 1.553
1.154
108.9
164.3
II
1.509
1.198
110.7
150.0
Source:ProgressReport,CooperativeResearchProgram,Maize,MilletsandSorghum,1975-1981.
PakistanAgriculturalResearchCouncil, Islamabad,1981and The TenthInter-Asian
CornImprovementWorkshop,AgriculturalResearchCouncil,Islamabad,1975.
IVI = UnimprovedFarmersVariety
V5 = Recommended Varieties for each Province
PI = FarmersPractices
P5 = Recommended Practices (line sowing, appropriate plant population, 66N and 33P
2 kg/haandplantprotectioninsecticide).
3Two yearsof data,84locationsin fIrstyearand6 locationsin secondyear.
Four yearsof data;458locationsin fIrst year,326locationsin secondyear,:285loca-
tionsin thethirdyear,locationsnotavailablefor fourthyear.
1.356
1.141
101.81
167.8
1.648
Source:TablesI and2.
ITreatmentVIF5W5 underirrigatedconditionswouldappearto belowerthanexpected
thusbiasingtheyieldadvantageof inputcategoryIV upward.
5Calculationsof theannualshifterkr andratesof returnto researchavebeencalculated
but not presented.They canbefound in "ProductivityandRateof Returnto theAgriculture
ResearchSystemof Pakistan,"Ph.D. Dissertation,Universityof Minnesota(forthcoming).
6Experimentalyieldtrial datafrom Dr. M. A. Bajwa,Director,WheatResearchInstitute,Faisalabad,Pakistan.
Punjab NWFP
Treatments1
Yield2 Yield Yield3 Yield
Index Advantage Index Advantage
VIPI 100.0 100.0
1.157V5Pl 123.7 1.237 115.7
VIPS 135.2 135.5
1.190V5P5 167.2 1.236 161.3
Treatments Yield
Index
VIFIWI 100.0
V5Fl WI 116.1
VIF5Wl 128.2
V5F5Wl 148.0
VI Fl W5 107.1
V5Fl W5 128.3
VI F5W5 136.5
V5F5W5 155.7
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A similarprocedurecanbeusedto calculatetheyieldadvantagefromcrop
developmentresearchfor maize.Table4 indicatestheyieldadvantageformaizein
the Punjaband NWFP whicharethetwo majormaize-producingprovincesin
Pakistan.ThesourceofmaizedatainTable4 doesnotallowabreakdowni tomore
thantwocategories.However,themaizedataarepooledoverseveralyearsandover
morelocationsthanfor wheat. Unfortunately,no othersourceof maizeyield
advantagefiguresareavailablefor comparison.Calculationofashiftfactork would
utilizeasimilarformulasthatpresentedinequation(2).
V. SUMMARYANDCONCLUSIONS
Theindexnumberapproachestimatesthebenefitstoagriculturalresearchby
measuringthechangein consumerandproducersurplusesfromarightwardshiftin
thesupplycurvebroughtaboutthroughtechnologicalchange.Thechallengeis to
accuratelymeasuretheshiftin thesupplycurvethatissolelydueto thenewtechno-
logicaladvanceunderstudy. In thecaseof yield-increasingcropdevelopment
research,anestimateof theyieldadvantageof thenewvarietysolelydueto yield-
increasingresearchis required.Problemsexistinobtainingaccurateyieldadvantage
estimatesusingreadilyavailablexperimentalstationyieldtrialdataforthosecrops
with strongpositiveinteractionswith inputssuchas fertilizerandwater. This
problemhasbeenovercome.by estimatingproductionfunctionsof a yieldasa
functionofnewvarietiesandotherinputs.
Theestimationof theyieldadvantageusingtheproductionfunctionapproach
does,however,requirea substantialmountof data. Anothersourceof datato
estimatetheyieldadvantageis theon-farmyieldconstraintstudiesthatarenow
beingdonein manyLDCs.The caseof obtainingthewheatyieldadvantageof
HYVsinPakistanwasillustratedandcomparedfavourablywithpreviouswork.
Admittedly,the on-farmyieldconstraintsdatausedin the illustrationdo
havefaults. First,thewheatrialsarefor oneyearonlyatlimitedlocations.The
accuracyof theyieldadvantageestimateswouldhavebeenenhancedhadmoreyears
of databeenavailableat morelocationsthroughoutPakistanfor bothwheatand
maize.Secondly,otheryieldconstraintfactorsuchastillage,methodof sowingand
fertilizerapplicationsatlowerandatazerorate,shouldbeincludedin thetrials.
Althoughon-farmyieldconstraintdatacouldbedesignedbetterif thepurpose
in mindwasto solelyestimatetheyieldadvantageof theHYVs, thedatagivea
fairrepresentationf thecontributionofwheatHYVstotheincreasedoverallyield
thathastakenplacein Pakistan.Withtheknowledgethaton-farmyieldconstraint
datacanbeusedto computeyieldadvantagefigures,agricultureeconomistsinneed
of suchdataandinvolvedinsettingupon-farmyieldtrialscanspecificallydesignthe
trialstoalsomeetheirrequirements.
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